US010467298B2

a2y United States Patent 10) Patent No.: US 10.467,298 B2

Mullins et al. 45) Date of Patent: Nov. 5, 2019
(54) DOCUMENT COLLABORATION USPC e 707/706

DISCOVERY See application file for complete search history.
(71) Applicant: Microsoft Technology Licensing, LLC, (56) References Cited

Redmond, WA (US -
edmon (US) U.S. PATENT DOCUMENTS

(72) Inventors: Christopher Lee Mullins, Sammamish,

0,483,473 B2* 112016 Ansel ................ GO6F 17/30011

WA (US); Robert Standefer, Duvall, 2011/0252093 Al* 10/2011 Spataro ............... G06Q 10/10
WA (US); Miguel Castro, Cambnidge 709/204
(GB) 2013/0024418 Al*  1/2013 Sitrick ..oooovveveen... G06Q 10/101
707/608

(73) Assignee: Microsoft Technology Licensing, LLC,

Redmond, WA (US) FOREIGN PATENT DOCUMENTS

: : : : : WO 2013181198 A2 12/2013
( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 393 days. OTHER PUBLICATIONS

“Controlling Google Docs Editing Permissions™, Retrieved from

<https://web.archive.org/web/20160403 103247 /https://1t.stonybrook.
edu/help/kb/controlling-google-docs-editing-permissions», Apr. 3,
2016, 3 Pages.

(65) Prior Publication Data (Continued)

US 2017/0308610 Al Oct. 26, 2017 Primary Examiner — Kuen S Lu

(74) Attorney, Agent, or Firm — Michael Best &
Friedrich LLP

(21)  Appl. No.: 15/138,024

(22) Filed: Apr. 25, 2016

(51) Int. CL

GO6F 17/30 (2006.01)
Go6rl’ 7/00 (2006.01) (57) ARSTRACT
GO6F 16/951 (2019.01) _ _ _
GOGF 16/93 (2019.01) Technc?logles are described h‘erem for document collabora-
GO6F 16/958 (2019.01) tion discovery. A collaboration system enables users to
: collaboratively author documents. The collaboration system
(Continued)

(52) U.S. CL receives edits to a document 1n real or near real time, and

CPC GO6F 16/951 (2019.01); GO6F 16/2228 indexes the edits 1n a search index. The collaboration system
(2019.01); GO6F 16/316 (2019.01); GO6F can also receive and index metadata associated with the

16/38 (2019.01); GO6F 16/93 (2019.01): document. The collaboration system can also receive a

GO6F 16/958 (2019.01); GOGF 17/2288 search query from a user and perform a search of the search

(2013.01); GO6F 17/24 (2013.01); HO4L 51/04 index. If the document 1s 1dentified by the search, the user
(2013.01) can request to be admitted as an active editor of the

(58) Field of Classification Search document. The user can also request to join a real-time
CPC ........ GOG6F 17/30864: GOGF 17/30321: GOGF messaging session with other active editors of the document.
17/30619; GO6F 17/30011; GO6F 17/24: The active editors can be notified of the search terms that led

GO6F 17/3089 (Continued)

REAL-TIME INDEXING OF DOCLUMENT
EDITS AMD ASSOCIATED METADATA

( START ). / -

¥

ENABLE COLLABORATIVE b .
DOCUMENT AUTHORING

¥

ENABLE REAL-TIME MESSAGING |
BETYWEEN ACTIVE EDITDR3

o

206

L 4

RECENE UPDATE TO
THE DOGUMENT
METADATA

REGEWE EDIT(S) TO
DOCUMENT

L3186

l l

STORE THE STORE EDIT(S}IN
UPDATED METADATA, CONTENT STORE

L3 ,

: [

INDEX THE UPDATED
METADATA AND
UPDATE THE

SEARCH INDEX | .—a0g

INDEX THE EDIT(S)
— AND UPDATE THE
SEARCH INDEX

[
3"I23




US 10,467,298 B2
Page 2

the user to the document, and 1ndicate whether the user 1s to Byrne, Richard, “How to Search for Publicly Shared Google Docs,
be admitted to the document as an active editor or the Slides, and Spreadsheets”, Retrieved from «http://www.

real-time messaging session. freetech4teachers.com/2015/02/how-to-search-for-publicly-shared.

html# WSVxGHpMek4», Feb. 17, 2015, 3 Pages.
Herrick, Dan R., “Google This!:Using Google Apps for Collabo-
ration and Productivity”, In Proceedings of the 37th Annual ACM

20 Claims, 12 Drawing Sheets

(51) Int. CL Special Interest Group on University and College Computing Ser-
GO6F 16/22 (2019.01) vices Fall Conference: Communication and Collaboration, Oct. 11,
GO6F 17/24 (2006.01) 2009, pp. 55-64.
GO6lt 17722 (2006.01) “International Search Report and Written Opinion Issued in PCT
GO6F 16/31 (2019.01) Application No. PCT/US2017/028598”, dated Jun. 14, 2017, 15
GO6F 16/38 (2019.01) Pages.
HO4L 12/58 (2006.01) Sun, et al., “Collaboration in the Cloud at Google”, Retrieved from
«https://research.google.com/pubs/archive/41926 .pdf», Jan. 8, 2014,
(56) References Cited

13 Pages.

OTHER PUBLICATIONS

“Introduction to Google Docs”, Retrieved from <«https://web.
archiveorg/web/20150912105459/www lfpl.org/jobshop/docs/google-
docs.pdf», Sep. 12, 2015, 21 Pages. . * cited by examiner



US 10,467,298 B2

Sheet 1 of 12

Nov. 5, 2019

U.S. Patent

)

cOl

XN
HOdV4S

cCl oLl

45018 INISLINCO

(9)1102
VeIl

(S)L1a3 —
LNINN20A f-1-F---
VIVAVLIN |-

)

174’

INIONH
HOHVYAS 01

0Z ! Pl

r——— =3

WNJLSAS NOILYHOEV 1100

—  ©uaa
I _IN3WN00A N3,
_ o _

Ol

d801

d011d4
AAILLOV

30IA3A ONILNINOD
dcll

NOILYOIddY
r———— ONIHOHLNY
IAILYHO8Y 1100

NOISSHS

ONIDVSSIIN
JNIL-TVH

d901

|

|

|

| 8l1
.....m 30IA3d ONILNdWOD H011d3

1w ||| n

............................ ” ININND0Aa
7Ol |
. NOILYDITddY
EEEEEEE ONINOHLAY
oL SAILYHOSY IO
V801

Vo0l

VIVAVLIdN dd1VIOOSSY ANV S11d3
INANNO0A 40 ONIXAANI dNIL-TV3Y 001



US 10,467,298 B2

Sheet 2 of 12

Nov. 5, 2019

U.S. Patent

¢ Old

4 V.LVaV.LIN

V1IVAVLdN ddH1O

AHOLSIH AONVYHO

AdOLSIH NIOT

SNOISSHS ONIDVSSIN
A4d1VIO0OSSY

SWHdL HOdVIS

Sd011dd SNOIATDYd

SHOLIdd AAILOVY ATLNIHdNO

Ol

ALl

dvil

drll

oLl

avll

Vil



U.S. Patent Nov. 5, 2019 Sheet 3 of 12 US 10,467,298 B2

REAL-TIME INDEXING OF DOCUMENT
EDITS AND ASSOCIATED METADATA

300
START /

~ ENABLE COLLABORATIVE | 302
DOCUMENT AUTHORING

304
ENABLE REAL-TIME MESSAGING

BETWEEN ACTIVE EDITORS

YES

EDIT
PENDING?

NO 314

NO METADATA

PENDING?

308

YES
RECEIVE UPDATE TO RECEIVE EDIT(S) TO
THE DOCUMENT DOCUMENT
METADATA
~316
STORE THE STORE EDIT(S) IN
UPDATED METADATA CONTENT STORE
318
310
INDEX THE UPDATED INDEX THE EDIT(S)
Mggg%g}r QED AND UPDATE THE
SEARCH INDEX
SEARCH INDEX 390

FIG. 3



US 10,467,298 B2

Sheet 4 of 12

Nov. 5, 2019

U.S. Patent

AdIANODSIC

NOILVHOE8V 1100 LNJANNDO0d

ddSH

810)7

OblL

HOIAZA ONILNAJINOD

NOILYOINddV
ONIHOHLNY
HAALLYHOEVYTIO0

*-
¥
.
$
i

148]7

801

FH0LS LNILNOD

SLiNs4dd
HOJVS

ANIONS
HOYVdS

Vv Ol

90y

NOISSHS
ONIJOHLNY

IJAILYHOgYTI0D |
NIOr OL 183NN |

AHEN0
HOJVdS

701 9Pl WNJ1SAS NOILVHO8VY 1100

cOv

X3ANI )
: HOdvas |||

d801L

d01104
= TARRO) v/

INGNNOOJA vo _‘
_ NOLLYOIddVY
ONIHOHLNY
m>_._.¢m0m5.._00
| NOISSHS

aLl ONIOYSSIN do0l
JNIL-TY I

J0IAE0 DNILNJINGO

Obl

0IAZ0 DNILNdWOD

d0.11dd
._.ZMS_DOOO

JAILOVY
7o ]
OLL NOILYOiNddY

V801 .v“.

" ONIYOHLNY
Va0l

AAILVYHOHEVYTIOO

00}



US 10,467,298 B2

Sheet 5 of 12

Nov. 5, 2019

U.S. Patent

AddAODSIA
NOILVH08V 1100 LNJWNOOG

80V

9801

4S8N
IDIAZIA ONILNGNOD
Obl NOILYOIddY
ONINOHLAY
IALLYHOgYTIOD
81017

4017

¢Ol

9l

JdOLS LNJLINOD

0ISSHS DNIOVSSHN
HSNIL-TV
NIOr Ol 1S3N0dd

Ad=N0O

HO&VES |
cOv

SliNSde
HOdVAS

ANION
HOYV3aS[¢

X3N]
HO®VHS

WNJLSAS NOILVHOEVY 1100

o_\_‘

140)°

OLl

cel

J0IAZ4A ONILNGINO O
LN=EHANND0A
wo _\
__ NOILVYO ladV
. ONIGOHLNY
ANAILYHOAY 1100
NOISSdS

d801

dO1id3
AAILLOY

oNovssan | 8904
SNIL-TVI
H011dd
GAILOVY
HDIAZC ONILNANOD
_ INTWNOOQ |
- NOILY Ol 1ddY
‘ ONIEHOHLNY
JAILVYH08Y 1100
V801 Va0l

00}



AT F AN

llllll

US 10,467,298 B2

u wummm%z ININNS0A |IOHO dANNVZNS -
= NIOF oL L ONOM NIATLS X1ldd NOILVINISIHd H¥NVYSONICA
\& O._muwmxm%womm OL MO NOS 14N 11id J
3 990G
- I
S .
NOISSHS

onovssaw || or Y  X00QHOYYIS TN HNVSONI
= OL MOID OL MO0 /
a Va5 SYOLId3 IAILOV voge  INVYNINIANDOT
\r
m S1INS3H HOHVY3S

vOv SUNVSONIA | HOAVIS

U.S. Patent
5
=
7

dv0S

v0S



US 10,467,298 B2

Sheet 7 of 12

Nov. 5, 2019

U.S. Patent

dg Old

MG

a81g
AN3C MOTTV |
VLS 31dNOD HLYYI WONA

d44VvVdddvSIa S 'AaLvyo01Svm | A1d1L3T1dINOD HLYHV

WNOd4 d3dVadqd XO0Q'HOHVYISIAY dNVYSONIA, INFWND0A ¥NOA KOdddY ATdLd1dNOD
H1ldV ] ANV SHNVSONIA, 404 A3HOHV3S ¥3sn SIHL N SO A1dLVINIXOdddV

- 9ks 'NOISS3S ONILLIAT IAILYHOEYTIOD ¥NOA VIddVSIA SYNYSONIA
OOV SdV NIOr OL1 d31S3INDIY SYH HLIAS IATLS ¥3asn (3 NWOdd d3dvVdddvsId
SHNYSC I1dINOD HLYYI INOY

dd4dvdddvSid S 1S3N03JY NOILLYHOgVY 110D Ald1ld1dINOO HLdVd
NQYd d3dVdddavSid SHNTVSONIU OOV SV N A G JINEXOHddY ATdLATdINOD
HL1¥V3 NOYd A3HVIddVSIA SYNVYSONIA 09V SHVIA NOITIIN 69 ATFLVINIXOHddY

A 1413 1dINOD H1dV4 WOdA

A3YVIddVSIA SHNYSONIA 09V SHYIA NOITTIIN 69 ATILVINIXOHddY "ATALITdNOD HLHVS
NOY4 AIHVIddVYSIA SHNYSONIA 09V SHYIA NOITTIIN SO ATALVINIXOHddY "ATdL3TdNOD
H1¥V3 WOYd A34VIddVSIA SYNVYSONIA 09V SHVIA NOITTIIN 69 AT3LVINIXOHddY

XO0A HOHVYISAY HNVSONIA - ONILIAS

T4



US 10,467,298 B2

Sheet 8 of 12

Nov. 5, 2019

U.S. Patent

Q¢ Ol

11111111

i
® ®
. ® ®
® ®
 dcls NIOT o q0L.C
QL ADNID

OLASHO

IOHO ANNVZNS
ONOM NJAGLS

NOSTIN 118 -SHdOHLNVY JALLOV
X1ldd NOILYINISTHd dNVYSONIA :LNINND0A

eeeemeemeeeeneeooeeoemeeeeneenees e een e 285 |
1ONILX3 3IN0D3F Ol
NOISSHS
oniovssaw | | N 0ns O] INVSONIT 3HL ONISNYO ¥04 19ISNOdS I
o1 1aonoay | oL sanoay [ VOIS
0L %2119 OL A0 SVM HO313IN V 1VYHL 3ZIHO3HL S1SIIN3IOS
Aa=MITVEY ANVIA ‘LNE “AHM ATLOVX3 38NS LNIYV
| AINYVIM HJIASOr :SHOHLNY JAILOY |
- 1X00Q'HOYYISTT ¥NVSONIA ‘LNIWNDO0A S1SILNTIOS "09V SHVYIA NOITTIIA G9 ANNOYY
= H
l HAYYIS IAN 0]S AT313TdINOD AJHVIddVSIA SSHNVYSONIT
U X200 AD0TOLNOITVd — ONILIAT
e

8G

]

PAS



U.S. Patent Nov. 5, 2019 Sheet 9 of 12 US 10,467,298 B2

DOCUMENT COLLABORATION
DISCOVERY 600
START /

RECEIVE SEARCH QUERY 002

604

PERFORM REQUESTED SEARCH

| 606
NO
YES
608
PRESENT LIST OF SEARCH RESULTS
SHOWING ACTIVE AUTHORS

610

REQUEST
TO JOIN COLLAB. AUTH.
SESSION?

NO

YES

QUERY ACTIVE EDITORS FOR
APPROVAL TO ADMIT USER TO
COLLABORATIVE AUTHORING
SESSION

612

614

ADMIT USER TO
COLLABORATIVE
AUTHORING
SESSION

REQUEST APPROVED?

ADMIT USER

TO REAL-TIME | REQUEST

TO JOIN REAL-TIME MESSAGING
SESSION?

YES
- 616

MESSAGING
SESSION

NO

>0 FIG. 6



L Old

US 10,467,298 B2

Ocl | ANIOND HOHVAS XAAN| HO4VdS A NOM | 302
a Ol 1 NOILYDIddY
o ONIFORHLNY NDLSAS DONILLVAILO 904
= ANALLYEHOEVYT100 v/ Nvd
—
@ 30IA3A FOVHOLS SSYIN AHOWAW 0/
7 AV
=)
=
ol LINN O+z
7, | | _
§ mm._._ww__._.zoo JOV4HILNI Nd 20.
z MHOMLIAN

9L/ 0Z.
L) ~  MHOMLAN 00.

U.S. Patent



US 10,467,298 B2

Sheet 11 of 12

Nov. 5, 2019

N90O8

S40IAdd
d4H10

4908

d41NdNOD
ddNGdS

0908 _
40IA3d €08
ONILNAINOO ANHOMIAN
3 HdOW

d908
A0INdA |
ONILNJINOD

1318v.1

vo08

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

clg

Sd0V4ddLNI
AHOMLEON

N9C8
44015V1Vvd

d9¢8
J4015V.1IVQ

VOce8
44015V1vQd

4OVH0OLS VIVJ

SdINHES NOILLYOI 1ddV

_ 228
T4 - SERILNER
S3IDIAYIS ¥IHLO ONIMHOMLIN
VID0S

0¢8
SdOINGAS
ONIDVSSdIN

818
SAVINGSS XOd1IVIA

olg 718
S1VLd0d ddM || SANIHOVIA IVILLAIA

U.S. Patent

INJANOYIANG DONILNJNOD Ad.LNgdidLSId

A0INAdd
ONILNJINOD




US 10,467,298 B2

Sheet 12 of 12

Nov. 5, 2019

U.S. Patent

256 055 556 _ 556 756
| wvyawvd || ono3aaan || onolany O/l V.LVQ

o016

SININOJINOD Off

iﬂ.

lllllllllllllllllll

""""""""""""""""""""""""

473

N33d05HONOL AV1dSId

| o [ o v |
m JOSNIS SdO | “ 40NvO AddLlve |
4

gc6 . SANINONOO d3MOd
. | 3dOOSOUAD | | 206 ESOSS——
H0OSS4004dd 076

| ote M . | 39WHOLS

} [¥3L3W0Y¥3TI00V]| : J19YAOWNIH
- 316

vEo __ _ _ . i | 3ovyoLs

: | HOSNIS P 96 V6 442 . 1 | Q3Lvy93LNI
ALINIXOdd i i | LNINOdINOD ININOJINOD ININOdWOD | |

AT NV dM NV 1M NVMM |4 SI6

i |  YOSN3S P 906 NOY

P LLHOIT INTIgNY] SININOdINOD ALIAILOANNOD AHOMLAN o

.qw...m. H 716

B RYETENTENGIVIE I NV

b06

_ 806 . — .

“ “ 826 "

JOSN3S AHMOWIIN

MO O A B D I O O T I U TR I I TR O R T e el

R T T T L R R R Yy R e L L L P L L L T P L L T T L E P LT R L

6 Ol



US 10,467,298 B2

1

DOCUMENT COLLABORATION
DISCOVERY

BACKGROUND

Various technologies currently exist for allowing com-
puter users to create electronic documents, to search for
electronic documents, and to communicate with other users
regarding electronic documents. These activities, however,
are typically manually performed and completely separate
from one another. Take, for example, a scenario where a user
1s writing a paper on dinosaurs. In this scenario, the user
might utilize a network-based search engine to locate docu-
ments having interesting content about dinosaurs. The user
might also separately try to locate the author, or authors, of
one or more of the identified documents, and attempt to
contact them to discuss their work on dinosaurs. Completely
separately, the user might utilize a word processing appli-
cation program to begin writing their paper. Because search,
communication, and content creation are completely sepa-
rate activities, this can be a time-consuming and frustrating,
process for document creators. Moreover, content located by
search engines 1s often stale, which 1s also frustrating to
users.

In addition to the imefliciency and frustration caused to
users, completely separate search, communication, and con-
tent creation can also cause other types of inethiciencies. For
example, and without limitation, in very large companies or
other types of entities there are often two or more groups of
people creating documents on the same topic, many times
unbeknownst to one another. This duplication of effort can
result 1n a very inetlicient allocation of human resources,
particularly at large scale.

Separate search, communication, and content creation can
also result in the eflicient allocation of computing
resources. For example, and without limitation, mass stor-
age, memory, and network bandwidth might not be utilized
ciliciently 1n scenarios where completely separate search,
communication, and content creation results in duplication
ol eflort and inefl

icient allocation of human resources. For
instance, the same or similar content might be duplicated on
multiple mass storage devices or in memory. Similarly,
ineflicient searches might be performed 1n an attempt to
locate document authors or collaborators. These searches
can unnecessarlly consume network bandwidth and other
processing resources.

It 1s with respect to these and other considerations that the
disclosure made herein 1s presented.

SUMMARY

Technologies are described herein for document collabo-
ration discovery. Through an implementation of the tech-
nologies disclosed herein, aspects of document search, con-
tent creation, and collaboration are integrated in a manner
that reduces or even eliminates the human resource inetli-
ciencies caused by previous systems wherein these tasks are
performed completely separately. Moreover, implementa-
tions of the technologies disclosed herein can also reduce the
ineflicient usage of computing resources, such as mass
storage, memory, and network bandwidth, caused by previ-
ous systems wherein document search, content creation, and
collaboration are separate. Technical benefits other than
those specifically identified hereimn can also be realized
through an implementation of the disclosed technologies.

According to one configuration disclosed herein, a col-
laborative document authoring environment 1s provided that
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2

allows users to discover, contribute to, and communicate
about content that 1s being actively edited by other users. In
particular, the collaborative authoring environment imncludes
a collaboration system that provides functionality {for
cnabling two or more users to collaborate on a document.
For example, and without limitation, such users (which
might be referred to herein as the “active editors” of a
document) can be permitted to create, modily, delete, and/or
otherwise edit the same document simultaneously. The col-
laboration system can also provide functionality for enabling
active editors to engage 1n real-time messaging about a
document that 1s being collaboratively edited. The collabo-
ration system can also provide other types of functionality
for enabling multiple active editors to collaboratively author
documents.

In order to utilize the functionality provided by the
collaboration system, each active editor can utilize a com-
puting device configured to execute an application, which
will be referred to herein as a “collaborative authoring
application,” for iteracting with the functionality provided
by the collaboration system. For instance, the collaborative
authoring application can provide functionality for editing
documents collaboratively, for communicating with other
active editors regarding documents that are being edited,
and/or other types of functionality.

In order to enable the functionality presented herein for
document collaboration discovery, the collaboration author-
ing application can also be configured to transmait edits to a
document being collaboratively edited to the collaboration
system 1n real or near real time. For example, and without
limitation, the collaboration authoring application can trans-
mit words, sentences, paragraphs, or other units of a docu-
ment being collaboratively edited to the collaboration sys-
tem as the words, sentences, paragraphs, or other units are
created or modified. In turn, the collaboration system can
receive the edits to the document in real or near real time and
index the edits to update a search index, also 1n real or near
real time. In this manner, the collaboration system can index
edits to a document as the edits are made 1n real or near-real
time by the active editors of the document.

In some configurations, the collaboration system can also
obtain metadata about a document being collaboratively
edited from the collaboration authoring application, or
another source, 1n real or near real time and index the
metadata 1n the search index. The metadata can include, but
1s not limited to, data identifying the active editors of a
document, data identiiying search terms in queries made of
the search index that located a document, data identifying
previous changes to a document, data identifying one or
more previous active editors of the document, and data
identifying one or more real-time messaging sessions asso-
ciated with a document. The collaboration system can also
obtain and index, in real or near real time, other types of
metadata associated with a document that 1s being, or has
been, collaborative edited in other configurations.

The collaboration system also provides functionality for
discovering documents that other users are currently col-
laborating on (a process which might be referred to herein as
“document collaboration discovery”). For example, and
without limitation, the collaboration system can receive a
search query that includes one or more search terms from
another user. Responsive to receiving the search query, the
collaboration system can cause a search to be made of the
search index for documents or metadata matching the sup-
plied search terms. The collaboration system can then cause
a user interface (“UI”) to be presented to the user that
includes the results of the search. The Ul can include, for
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instance, the identification of any documents that are cur-
rently (1.e. at the time the search query is received) being
collaboratively edited. The Ul can also identily the active
editors of the documents.

The UI can also include a Ul control which, when
selected, will cause a request to be transmitted to computing
devices associated with the active editors of a document to
admit the user that submitted the search query as an active
editor of the document. The request can identify the user that
submitted the search query and the search terms 1n the search
query that resulted in the document being presented 1n the
search results. This mformation can be presented to the
active editors along with a UI control which, when selected,
will admit the user that made the search query as an
additional active editor of the document. Similarly, a Ul
control can be presented which, when selected, will deny the
request to join the document as an active editor. If one of the
active editors admuits the user making the search query as an
active editor, the user can be permitted to collaborate on the
document 1n the same manner as the other active editors.

In some configurations, the Ul can also include a Ul
control which, when selected, will cause a request to be
transmitted to computing devices associated with the active
editors to admit the user that submitted the search query to
a real-time messaging session with one or more of the active
editors of the document. The request can also identify the
user that submitted the search query and the search terms in
the search query that resulted 1n the document being col-
laboratively edited being presented in the search results.
This information can be presented to the active editors along
with a Ul control which, when selected, will admait the user
that made the search query to a real-time messaging session
with one or more active editors of the document. Similarly,
a Ul control can be presented which will deny the request to
j01n a real-time messaging session about the document.

If one or more of the active editors indicates that the user
making the search query 1s to be admitted to a real-time
messaging session, a real-time messaging session can be
established between a computing device associated with the
user making the search query and computing devices oper-
ated by one or more of the active editors. Alternately, the
user making the search request can be admitted to an
existing real-time messaging session between two or more
of the active editors of the document.

It should be appreciated that the above-described subject
matter can be implemented as a computer-controlled appa-
ratus, a computer process, a computing system, or as an
article of manufacture such as a computer readable medium.
These and various other features will be apparent from a
reading of the following Detailed Description and a review
of the associated drawings.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s it intended that this Summary
be used to limit the scope of the claimed subject matter.
Furthermore, the claimed subject matter 1s not limited to
implementations that solve any or all disadvantages noted 1n
any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a network and software architecture diagram
showing the configuration of a collaborative document
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4

authoring environment in which the technologies disclosed
herein can be implemented according to one illustrative

configuration;

FIG. 2 1s a data structure diagram showing aspects of an
illustrative data structure that can be utilized to store meta-
data for use 1n document collaboration discovery in one
particular configuration disclosed herein;

FIG. 3 1s a flow diagram showing aspects of a routine for
performing real-time 1indexing of document edits and asso-
ciated metadata for use in document collaboration discovery,
according to one configuration;

FIGS. 4A-4B are network and software architecture dia-
grams showing additional aspects of the collaborative docu-
ment editing environment shown 1 FIG. 1 configured to
provide functionality for document collaboration discovery;

FIGS. 5A-5C are user interface diagrams showing various
illustrative user interfaces that can be provided for use 1n
document collaboration discovery, according to various con-
figurations disclosed herein;

FIG. 6 15 a flow diagram showing aspects of a routine for
performing document collaboration discovery, according to
one configuration;

FIG. 7 1s a computer architecture diagram showing an
illustrative computer hardware and software architecture for
a computing system that 1s capable of implementing aspects
of the technologies presented herein;

FIG. 8 1s a computer system architecture and network
diagram 1llustrating a distributed computing environment
capable of implementing aspects of the technologies pre-
sented herein; and

FIG. 9 1s a computer architecture diagram 1llustrating a
computing device architecture for another computing device
that 1s capable of implementing aspects of the technologies
presented herein.

DETAILED DESCRIPTION

The following detailed description 1s directed to technolo-
gies for document collaboration discovery. As discussed
above, through an implementation of the technologies dis-
closed herein, aspects of document search, content creation,
and collaboration are integrated in a manner designed to
reduce or even eliminates the human resource inefliciencies
and 1neflicient use of computing resources caused by pre-
vious systems wherein these tasks are performed completely
separately. Technical benefits other than those specifically
identified herein can also be realized through an implemen-
tation of the disclosed technologies.

While the subject matter described herein 1s presented 1n
the general context ol program modules that execute in
conjunction with the execution of an operating system and
application programs on a computer system, those skilled 1n
the art will recognize that other implementations can be
performed 1n combination with other types of program
modules. Generally, program modules include routines, pro-
grams, components, data structures, and other types of
structures that perform particular tasks or implement par-
ticular abstract data types. Moreover, those skilled in the art
will appreciate that the subject matter described herein can
be practiced with other computer system configurations,
including hand-held devices, multiprocessor systems,
microprocessor-based or programmable consumer electron-
ics, minicomputers, mainirame computers, and the like.

In the following detailed description, references are made
to the accompanying drawings that form a part hereot, and
which are shown by way of 1llustration as specific configu-
rations or examples. Referring now to the drawings, in
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which like numerals represent like elements throughout the
several FIGS., aspects of various technologies for extending
a federated graph with third-party data and metadata will be
described.

FIG. 1 1s a network and software architecture diagram
showing the configuration of a collaborative document
authoring environment 100 1n which the technologies dis-
closed herein can be implemented, according to one 1llus-
trative configuration. As shown 1 FIG. 1, and described
briefly above, the collaborative document editing environ-
ment 100 includes a collaboration system 102 that provides
functionality for enabling two or more users to collaborate
on a document 104. For example, and without limitation,
such users (which might be referred to herein as the “active
editors” 106 A and 106B of the document 104) can be
permitted to create, modily, delete, and/or otherwise edit the
same document 104 simultaneously. The active editors 106
of a document 104 are users that have the document 104
open for editing 1n a suitable program.

The collaboration system 102 can also provide function-
ality for enabling the active editors 106 to engage 1n real-
time messaging about a document 104 that 1s being collab-
oratively edited. In FIG. 1, for example, the users 106 A and
1068 are participating in a real-time messaging session 118.
The collaboration system 102 can also provide other types of
functionality for enabling multiple active editors 106 to
collaboratively author documents 104.

In order to utilize the functionality provided by the
collaboration system 102, each active editor 106 can utilize
a computing device 108 that 1s configured to execute a
collaborative authoring application 110 for interacting with
the functionality provided by the collaboration system 102.
The computing devices 108 can be, but are not limited to,
desktop or laptop computers, smart mobile telephones, tablet
devices, slate devices, video game devices, set top boxes, or
other types of computing devices capable of connecting to a
collaboration system 102 through a network (not shown 1n
FIG. 1).

The collaborative authoring application 110 can provide
functionality for editing a document 104 collaboratively
with other active editors 106, for communicating with other
active editors 106 regarding a document that 1s being edited,
such as through a real-time messaging session 118, and/or
other types of functionality. The document 104 can be a
word processing document, a spreadsheet document, a pre-
sentation document, a drawing document, the text of a
real-time communication session, a user’s search history,
program source code, or any other type of textual content.

In order to enable the disclosed functionality, and poten-
tially other types of functionality, the collaboration author-
ing application 110 can also be configured to transmait edits
112 to a document 104 being collaboratively edited to the
collaboration system 102 1n real or near real time. For
example, and without limitation, the collaboration authoring
application 110 can transmit words, sentences, paragraphs,
or other units of a document 104 being collaboratively
edited to the collaboration system 102 as the words, sen-
tences, paragraphs, or other units are created or modified by
the active editors 106. In this manner, edits 112 to a
document 104 being collaboratively edited can be transmiut-
ted to the collaboration system 102 with little or no human-
perceptible lag.

In turn, the collaboration system 102 can receive the edits
112 to the document 104 1n real or near real time, and store
the edits 112 1n an appropriate content store 116. In one
configuration, the content store 116 1s implemented as a
graph that maintains relationships between a document 104,
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its associated metadata 114, edits 112 the document, and
potentially other types of data. Other implementations can
also be utilized 1n other configurations.

A search engine 120 operating within or 1n conjunction
with the collaboration system 102 can also index the edits
112 to update a search index 122, also 1n real or near real
time. For example, the search engine 120 can index the edits
112 within two seconds from the time the edits 112 are
received 1n some configurations. The search index 122 can
also be stored 1n an appropriate data store 124. In this
manner, the collaboration system 102 can recerve and index
edits 112 to a document 104 as the edits 112 are made 1n real
or near-real time by the active editors 106 of the document
104.

In some configurations, the collaboration system 102 can
also obtain metadata 114 about a document 104 being
collaboratively edited from the collaboration authoring
application 110, or another source, 1n real or near real time.
The collaboration system 102 can store the metadata 114 1n
the content store 116 or in another suitable location. The
collaboration system 102 can also index the metadata 114 1n
the search mdex 122 1in real or near real time. Referring
momentarily to FIG. 2, several illustrative examples of the
metadata 114 that can be received and indexed by the
collaboration system 102 will be described.

FIG. 2 1s a data structure diagram showing aspects of an
illustrative data structure that can be utilized to store meta-
data 114 for use in document collaboration discovery in one
particular configuration disclosed herein. As shown 1n FIG.
2, the metadata 114 can include, but 1s not limited to,
metadata 114 A 1dentifying the currently active editors 106 of
a document 104. The metadata 114 can also include meta-
data 114B i1dentifying the previous active editors 106 of a
document 104. The metadata 114 can also include metadata
114C 1including the contents of one or more real-time
messaging sessions 118 associated with a document 104.

The metadata 114 can also include metadata 114D 1den-
tifying search terms in queries made of the search index 122
that located the document 104. The metadata 114 can also
include metadata 114E the specifies the history of users
joming the document 104 for collaborative editing and/or
joming real-time messaging sessions 118 about the docu-
ment 104. The metadata 114 can also include metadata 114F
identifving previous edits 112 to the document 104. The
collaboration system 102 can also obtain and index, in real
or near real time, other metadata 114G associated with a
document 104 that 1s being, or has been, collaborative edited
in other configurations. For example, the other metadata
114G can provide mnformation about users that searched and
located the document 104 such as, but not limited to, other
documents 104 that the searching user 1s working on, other
documents 104 that the searching user has recently read,
information indicating the location 1 an organizational
hierarchy of the searching user, other information about the
searching user, and/or other search terms supplied by the
searching user.

Turning back to FIG. 1, additional details regarding the
functionality provided by the collaboration system 102 will
be described. In particular, and as discussed brietly above,
the search engine 120 also provides functionality for search-
ing the search index 122 to identify documents 104 that are
being actively collaborated upon. For example, and without
limitation, a user (not shown 1n FIG. 1) can provide a search
query that includes one or more search terms to the search
engine 120. The search engine 120 can perform a search for
relevant documents 104 using the search index 122. If one
or more documents 104 are located that are relevant to the
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search query, the documents 104 can be 1dentified to the user
that submitted the search query in an appropriate Ul (also
not shown 1n FI1G. 1). The active editors 106 of each relevant
document 104 can also be i1dentified in the UI. Additionally,
UI controls for requesting to become an active editor 106 (or
a reviewer, approver, or observer) ol each document 104
and/or for joining a real-time messaging session 118 with
one or more of the active editors 106 of each document 104
can also be presented. Additional details regarding these
aspects will be provided below with regard to FIGS. 4A-6.

FI1G. 3 15 a flow diagram showing aspects of a routine 300
for performing real-time indexing of document edits 112 and
associated metadata 114 for use 1n document collaboration
discovery, according to one configuration. It should be
appreciated that the logical operations described herein with
regard to FIG. 3 and the other FIGS. can be implemented (1)
as a sequence of computer implemented acts or program
modules running on a computing system and/or (2) as
interconnected machine logic circuits or circuit modules
within the computing system.

The particular implementation of the technologies dis-
closed herein 1s a matter of choice dependent on the per-
formance and other requirements of the computing system.
Accordingly, the logical operations described herein are
referred to variously as states, operations, structural devices,
acts, or modules. These states, operations, structural devices,
acts and modules can be implemented 1n software, 1n firm-
ware, 1n special purpose digital logic, and any combination
thereol. It should also be appreciated that more or fewer
operations can be performed than shown in the FIGS. and
described herein. These operations can also be performed 1n
a different order than those described herein.

The routine 300 begins at operation 302, where the
collaboration system 102 enables collaborative document
authoring by two or more active editors, such as the active
editors 106A and 106B. As discussed above, this function-
ality includes the ability for each of the active editors 106 to
simultaneously edit a document 104 and/or other types of
functionality 1n other configurations. As also discussed
above, 1n some configurations the collaboration system 102,
or another system operating in conjunction therewith, can
also provide functionality for enabling real-time messaging
between active editors 106. This occurs at operation 304.

From operation 304, the routine 300 proceeds to operation
306, where the collaboration system 102 determines whether
an edit 112 to a document 104 1s pending processing. As
discussed above, the edits 112 can be transmitted in real or
near real time as they are made by the active editors 106. If,
at operation 306, the collaboration system 102 determines
that an edit 112 1s pending, the routine 300 proceeds to
operation 308 where the edit 112 is received. The routine
300 then proceeds from operation 308 to operation 310,
where the edit 112 is stored in the content store 116, or 1n
another suitable location, 1n the manner described above.

Once the recerved edit 112 has been stored, the routine
300 proceeds to operation 312, where the search index 122
1s updated to reflect the received edit 112. Because the edits
112 are generally small (e.g. a word, sentence, or paragraph),
updating the search index 122 can be performed quickly. In
this regard, it 1s to be appreciated that, in some configura-
tions, the operations 308, 310, and 312 are performed
together as a single transaction. In this manner, edits 112 can
be received, stored, and indexed 1n real or near real time as
the edits 112 are made by the active editors 106. From
operation 312, the routine 300 proceeds to operation 314,
which 1s described below.
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If, at operation 306, the collaboration system 102 deter-
mines that an edit 112 1s not pending processing, the routine
300 proceeds to operation 314. At operation 314, the col-
laboration system 102 determines whether a metadata 114
update 1s pending processing. As discussed above, updates
to the metadata 114 associated with a document 104 can also
be transmitted 1n real or near real time as changes to the
metadata 114 are made. If, at operation 314, the collabora-
tion system 102 determines that metadata 114 1s pending, the
routine 300 proceeds to operation 316 where the metadata
114 1s received. The routine 300 then proceeds from opera-
tion 316 to operation 318, where the metadata 114 1s stored
in the content store 116, or in another suitable location, 1n the
manner described above.

Once the metadata 114 has been stored 1n the content store
116, the routine 300 proceeds to operation 320, where the
search index 122 1s updated to reflect the recerved metadata
114. Because changes to the metadata 114 are also generally
small, updating the search index 122 to reflect changes to the
metadata 114 for a document 104 can also be performed
quickly. As with the processing of the edits 112, the opera-
tions 316, 318, and 320 can be performed together as a
single transaction. In this manner, updates to the metadata
114 can be received, stored, and indexed in real or near real
time as the metadata 114 1s changed. From operation 320,
the routine 300 proceeds back to operation 302, where
additional edits 112 and metadata 114 can be processed 1n a
similar manner.

FIGS. 4A-4B are network and software architecture dia-
grams showing additional aspects of the collaborative docu-
ment authoring environment 100 shown i FIG. 1 and
described above, which 1s configured to provide function-
ality for document collaboration discovery. As shown 1n
FIG. 4A, and described briefly above, the collaboration
system 102 also provides functionality for discovering docu-
ments 104 that other users (1.e. the active editors 106) are
actively collaborating on (a process which might be referred
to herein as “document collaboration discovery™).

For example, and without limitation, the search engine
120 that operates in conjunction with the collaboration
system 102 can receive a search query 402 that includes one
or more search terms. In the example shown 1n FIG. 4A, for
instance, a user 400 has utilized a computing device 108C
executing the collaborative authoring application 110 to
submit a search query 402 to the search engine 120.

Responsive to recerving the search query 402, the search
engine 120 performs a search of the search index 122 for
documents 104 or metadata 114 matching the supplied
search terms. The collaboration system 102 can then cause
a Ul to be presented to the user 400 that includes the search
results 404. The Ul can include, for instance, the identifi-
cation of any documents 104 that are currently (i.e. at the
time the search query 402 1s recerved being collaboratively
edited. The Ul can also 1dentity the active editors 106 of the
documents 1dentified documents 104. In one configuration,
the Ul 1s presented by the collaborative authoring applica-
tion 110. The UI can be presented by other components in
other configurations. In this regard, it 1s to be appreciated
that search results 404 might not be presented, or might be
truncated, to a user 400 that 1s not authorized to view the
search results 404.

The Ul presented by the collaborative authoring applica-
tion 110 can also include a Ul control (not shown in FIG. 4A
or 4B) which, when selected, will cause a request 406 to be
transmitted to computing devices 108 associated with the
active editors 106 of a document 104 to admait the user 400
that submaitted the search query 402 as an active editor of the
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document 104. The request 406 can 1dentily the user 400 that
submitted the search query 402 and the search terms in the
search query 402 that resulted in the document 104 being
presented 1n the search results 404.

This information can be presented to the active editors
106 along with a UI control which, when selected, will admit
the user 400 that made the search query 402 as an additional
active editor 106 of the document 104. Similarly, a Ul
control can be presented to the active editors 106 which,
when selected, will deny the request 406 to join the docu-
ment 104 as an active editor 106. If one of the active editors
106 admits the user 400 making the search query 402 as an
active editor 106, the user 400 can be permitted to collabo-
rate on the document 104 1n the same manner as the other
active editors 106.

In some configurations, the Ul presented to the user 400
that submitted the search query 402 can also include a Ul
control (not shown 1n FIG. 4A or 4B) which, when selected,
will cause a request 408 (shown 1n FIG. 4B) to be trans-
mitted to computing devices 108 associated with the active
editors 106 to admat the user 400 that submitted the search
query 402 to a real-time messaging session 118 with one or
more of the active editors 106 of the document. The request
408 can also 1dentity the user 400 that submitted the search
query 402 and the search terms in the search query 402 that
resulted in the document 104 being collaboratively edited
being presented in the search results 404. This information
can be presented to the active editors 106 along with a Ul
control which, when selected, will admait the user 400 that
made the search query 402 to a real-time messaging session
118 with one or more active editors 106 of the document
104. Sumilarly, a UI control can be presented which waill
deny the request 408 from the user 400 to join a real-time
messaging session about the document 104.

If one or more of the active editors 106 admits the user
400 making the search query 402 to a real-time messaging
session 118, a real-time messaging session 118 can be
established between the user 400 making the search query
402 and one or more of the active editors 106. Alternately,
the user 400 making the search request 402 can be admitted
to an existing real-time messaging session 118 between two
or more of the active editors 106 of the document 104.
Additional details regarding several illustrative Uls for
presenting the search results 404 will be provided below
with regard to FIGS. SA and 5C. Additional details regard-
ing one 1llustrative Ul for presenting the request 406 to join
the collaborative authoring session 406 will be described
below with regard to FIG. 5B.

FIGS. 5A-3C are user mterface diagrams showing several
illustrative Uls 500, 525, and 575, respectively, that can be
provided for use in document collaboration discovery,
according to various configurations disclosed herein. In
particular, FIG. SA shows a Ul 500 that can be presented by
the collaborative authoring application 110 to a user 400 that
desires to discover documents 104 that are being actively
collaborated upon. In this example, the UI 500 includes a
search field 502 1n which the user 400 can specily one or
more search terms 402. In this example, the user 400 has
specified the word “dinosaur” as a search term 402.

The UI 500 also includes a list of search results 404. Each
of the items 504 1n the list of search results 404 corresponds
to a document 104 that 1s being actively edited by two or
more active editors 106 at the time that the search terms 402
are received. The UI 500 also includes identifiers 506 for
cach of the documents 104 returned by the search. For
example, the identifier S06A for the item 504A lists a
document named “DINOSAUR RESEARCH.DOCX” and
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the 1dentifier 506B for the item 504B lists a document named
“DINOSAUR_PRESENTATION.PPTX.”

The UI 500 also includes identifiers 508 for the active
editors 106 of each document referenced in the search
results 404. For 1nstance, in the example shown in FIG. SA,
the indicator S08A 1ndicates that two active editors 106 (1.¢.
Joseph Kearney and Adam Webb) are collaboratively editing
the document 104 entitled “DINOSAUR RESEARCH-
DOCX.” Similarly, the indicator S08B 1ndicates that three
active editors 106 (1.e. Bill Nelson, Steven Wong, and

Suzanne Choi) are collaboratively editing the document 104
entitled “DINOSAUR_PRESENTATION.PPTX.”

As described brietly above, the Ul 500 presented by the
collaborative authoring application 110 can also include Ul
controls 510 which, when selected, will cause a request 406
to be transmitted to computing devices 108 associated with
the active editors 106 of a document 104 to admit the user
400 that submitted the search query 402 as an active editor
of the document 104. In the example shown 1n FIG. 5A, for
instance, the Ul control S10A can be selected using the
mouse cursor 514, for instance, to cause a request 406 to be
transmitted to the users “Joseph Kearney” and “Adam
Webb” to join 1n the collaborative editing of the document
104 entitled “DINOSAUR_RESEARCH.DOCX.” Simi-
larly, the UI control 510B can be selected to cause a request
406 to be transmitted to the users Bill Nelson, Steven Wong,

and Suzanne Choi, to join 1n the collaborative editing of the
document 104 entitled “DINOSAUR_PRESENTATION-

PPTX.”

In some configurations, the Ul 500 presented to the user
400 that submitted the search query 402 can also include Ul
control 512 which, when selected, will cause a request 408
(shown in FIG. 4B) to be transmitted to computing devices
108 associated with the active editors 106 to admait the user
400 that submitted the search query 402 to a real-time
messaging session 118 with one or more of the active editors
106 of the document. In the example shown 1n FIG. 5A, for
instance, the Ul control 512A can be selected to cause a
request 408 to be transmitted to the users “Joseph Kearney™
and “Adam Webb” to join 1n a real-time messaging session
118 regarding the document 104 entitled “DINOSAUR_RE-
SEARCH.DOCX.” Similarly, the UI control 512B can be
selected to cause a request 408 to be transmitted to the users
Bill Nelson, Steven Wong, and Suzanne Choi, to join 1n a
real-time messaging session 118 regarding the document
104 entitled “DINOSAUR_PRESENTATION.PPTX.”

FIG. 5B shows a UI 525 that can be presented to the active
editors 106 by the collaborative authoring application 110
following the selection of one of the Ul controls 510 for
requesting to join a document 104 as an active editor 106. As
shown 1 FIG. 3B, a dialog box 516 or other type of UI
control can be presented to the active editors 106 indicating
that a user 400 (1in this example, a user 400 named “Steve
Smith”) has requested to join the document 104 as an active
editor 104. The dialog box 516 or other type of Ul control
can also 1dentify the search terms that led the user 400 to the
document 104. In this example, the user 400 searched for
“dinosaurs,” which located the document entitled “DINO-
SAUR_RESEARCH.DOCX.” Through the presentation of
this information, the active editors 106 can learn the 1dentity
of the user 400 that 1s requesting to become an active editor
106 and the search terms that led the user 400 to the
document 104.

As shown 1n FIG. 5A, the Ul 525 can also include Ul
controls 518A and 518B which, when selected, will allow
the request 406 or deny the request 406, respectively. In this
example, an active editor 106 has selected the UI control
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518A with the mouse cursor 514 1n order to allow the user
400 to become an active editor 104 of the document entitled
“DINOSAUR_RESEARCH.DOCX.” It should be appreci-
ated that a similar Ul can also be presented when a user 400
makes a request 408 to join a real-time messaging session
118 with active editors 106 of a document 104.

It should be further appreciated that the user interface 525
can also include other information that might be helptul to
the active editors 106 in determining whether to admait the
requesting user 400 to a collaborative editing or real-time
messaging session 118. For example, and without limitation,
the UI 525 might include information indicating the rela-
tionship between the requesting user 400 and the active
editor 106 within an organization. For instance, a portion of
an organizational chart might be presented 1n the UI 525. In
another configuration, the Ul 525 might indicate whether the
user 400 1s a member of an active editor’s contact list or
social network. The UI 525 might also indicate other docu-
ments that the user 400 has authored, biographic information
about the user 400, a photo or video of the user 400, and/or
contact information for the user 400, such as their email
address, phone number, office location. Other types of
information can be presented in other configurations.

FIG. 5C shows another example Ul 5735 that can be
presented to a user 400 of the collaborative editing appli-
cation 110. In this example, the user 400 1s editing text 580
of a document. The collaborative editing application 110
examines the text 580 being edited and automatically per-
forms searches using terms 582 located in the text 580. If
relevant search results 404 are returned by the searches, the
search results 404 can be presented in the search pane 584.

For instance, 1n the example shown 1n FIG. 5C, the term
‘dinosaurs’ was located in the text 582 and utilized to
generate a search query 402 to the search engine 120.
Because relevant search results 404 were returned by the
search, the terms 582 can be underlined or otherwise empha-
sized to indicate that documents 104 relating to the terms
582 are being actively collaborated upon. Additionally, the
search results 404 are shown 1n the search pane 584 includ-
ing, for each relevant document 104, the name of the
document, the active authors, and UI controls 510 and 512
for requesting to join the document 104 as an active editor
106 and to join a real-time messaging session 118 about the
document 104.

It should be appreciated that other Ul controls and infor-
mation can also be presented i1n other configurations. For
example, and without limitation, in one configuration a user
400 can specily a “standing query.” As standing query 1s a
query that 1s automatically performed periodically. The
results of the search can be presented to the user continually
or when new documents 104 are identified that match the
terms specified in the standing query. Other types of
searches can be performed 1n other configurations.

FIG. 6 1s a flow diagram showing aspects of a routine 600
for performing document collaboration discovery, according
to one configuration. The routine 600 begins at operation
602, where the search engine 120 receives a search query
402 including one or more search terms. I

In some configu-
rations, the user 400 providing the search query 402 can
indicate that only documents 104 that have been actively
editing 1n a previous timelrame (e.g. the last 15 minutes) are
to be returned by the search query 402. The user 400 can also
define other aspects of the manner 1n which the search query
402 1s to be performed 1n other configurations.

The routine 600 then proceeds from operation 602 to
operation 604, where the search engine 120 performs a
search of the search index 122 utilizing the search terms. If
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relevant search results 404 are returned by the search, the
routine 600 proceeds from operation 606 to operation 608.

At operation 608, the list of search results 404 1s presented
in an appropriate Ul, such as the i1llustrative Uls 500 and 575
shown 1n FIGS. 5A and 5C, respectively. In this regard, 1t 1s
to be appreciated that the search results 404 can be ranked
based upon their relevance in various configurations. The
relevance of a particular search result can be determined, at
least 1n part, based upon the metadata 114 associated with
the search result. For example, and without limitation, recent
document joins and subsequent edits by users can cause the
relevance of a particular search result to rise. The relevance
ol a particular document 104 1n the search results 404 can be
further mfluenced based upon how often the document 104
1s appearing 1n the search results 404, how often users 400
are requesting to collaborate on a document 104 in the
search results 404, the active editors 106 that are currently
editing a document 104 in the search results 404 and their
relationship to the searcher, the previous active editors 106
of a document 104 1n the search results 404, and/or other
factors or metadata 114.

The routine 600 then proceeds from operation 608 to

operation 610, where the collaboration system 102 deter-
mines whether a request 406 has been received from the user
400 to join a document 104 identified 1n the search results
404 as an active editor 106. If such a request has been
recetved, the current active editors 106 of the document 104
are queried to admit the user 400 as an active editor 106. As
discussed above, a Ul 325, discussed above with regard to
FIG. 5B, can be presented to the current active editors 106
to obtain their consent to add the user 400 as an active editor
106.
If one or more of the active editors 106 approves the
request 406, the routine 600 proceeds from operation 614 to
operation 616, where the user 400 1s admitted to the docu-
ment 104 as an active editor 106. If the request 406 1s
declined, the routine 600 proceeds from operation 614 to
operation 618. In this regard, it 1s to be appreciated that, 1n
some configurations, an active editor 106 does not need to
provide approval before the user 400 1s admitted as an active
editor 106 of the document 104. In these configurations, the
user 400 1s automatically admaitted to the document 104 as
an active editor 106.

At operation 618, the collaboration system 102 deter-
mines whether a request 408 has been received from the user
400 to join a real-time messaging session 118 regarding a
document 104 1dentified 1n the search results 40. I such a
request has been received, the current active editors 106 of
the document 104 are queried to admit the user 400 to the
real-time messaging session 118.

If one or more of the active editors 106 approves the
request 408, the routine 600 proceeds from operation 618 to
operation 620, where the user 400 1s admitted to the real-
time messaging session 118. If the request 408 1s declined,
the routine 600 proceeds from operation 618 back to opera-
tion 602, where additional search queries 402 can be pro-
cessed 1n the manner described above. In this regard, 1t 1s to
be appreciated that, 1n some configurations, an active editor
106 does not need to provide approval betfore the user 400
1s admitted to a real-time messaging session 118 with one or
more of the active editors 106 of the document 104. In these
configurations, the user 400 1s automatically admaitted to the
real-time messaging session 118.

It should be appreciated that the various software com-
ponents described above executing on the computing
devices 108 and within the collaboration system 102 can be
implemented using or 1n conjunction with binary executable
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files, dynamically linked libranies (“DLLs”), application
programming interfaces (“APIs”), network services, script
files, interpreted program code, software containers, object
files, bytecode suitable for just-in-time (“JIT”") compilation,
and/or other types of program code that can be executed by
a processor to perform the operations described herein with
regard to FIGS. 1-6. Other types of software components not
specifically mentioned herein can also be utilized.

FIG. 7 1s a computer architecture diagram that shows an
architecture for a computer 700 capable of executing the
software components described herein. The architecture
illustrated in FIG. 7 1s an architecture for a server computer,
mobile phone, e-reader, smart phone, desktop computer,
netbook computer, tablet computer, laptop computer, or
another type of computing device suitable for executing the
soltware components presented herein.

In this regard, 1t should be appreciated that the computer
700 shown in FIG. 7 can be utilized to implement a
computing device capable of executing any of the software
components presented herein. For example, and without
limitation, the computing architecture described with refer-
ence to the computer 700 can be utilized to implement the
collaborative authoring application 110, the search engine
120, other components within the collaboration system 102
or executing on the computing devices 108, and/or to
implement other types of computing systems for executing
any of the other software components described above.

The computer 700 illustrated in FIG. 7 includes a central
processing unit 702 (“CPU”), a system memory 704, includ-
ing a random access memory 706 (“RAM™) and a read-only
memory (“ROM™) 708, and a system bus 710 that couples
the memory 704 to the CPU 702. A basic mput/output
system containing the basic routines that help to transfer
information between elements within the computer 700,
such as during startup, i1s stored in the ROM 708. The
computer 700 further includes a mass storage device 712 for
storing an operating system 714 and one or more programs
including, but not limited to the collaborative authoring
application 110, the search engine 120, and/or the search
index 122 depending upon the use of the computer 700. The
mass storage device 712 can also be configured to store other
types ol programs and data described herein but not spe-
cifically shown 1n FIG. 7.

The mass storage device 712 1s connected to the CPU 702
through a mass storage controller (not shown) connected to
the bus 710. The mass storage device 712 and 1ts associated
computer readable media provide non-volatile storage for
the computer 700. Although the description of computer
readable media contained herein refers to a mass storage
device, such as a hard disk, CD-ROM drive, DVD-ROM
drive, or USB storage key, 1t should be appreciated by those
skilled 1n the art that computer readable media can be any
available computer storage media or communication media
that can be accessed by the computer 700.

Communication media includes computer readable
instructions, data structures, program modules, or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any delivery media. The
term “modulated data signal” means a signal that has one or
more of its characteristics changed or set in a manner as to
encode 1nformation 1n the signal. By way of example, and
not limitation, communication media includes wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, radio frequency, infrared
and other wireless media. Combinations of the any of the
above should also be included within the scope of computer
readable media.
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By way of example, and not limitation, computer storage
media can include volatile and non-volatile, removable and
non-removable media implemented 1n any method or tech-
nology for storage of information such as computer readable
instructions, data structures, program modules or other data.
For example, computer storage media includes, but 1s not
limited to, RAM, ROM, EPROM, EEPROM, flash memory

or other solid state memory devices, CD-ROM, digital
versatile disks (“DVD”), HD-DVD, BLU-RAY, or other
optical storage disks, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other medium that can be used to store the desired
information and which can be accessed by the computer 700.
For purposes of the claims, the phrase “computer storage
medium,” and variations thereof, does not include waves or
signals per se or communication media.

According to various configurations, the computer 700
can operate 1 a networked environment using logical con-
nections to remote computers through a network such as the
network 718. The computer 700 can connect to the network
718 through a network interface unit 720 connected to the
bus 710. It should be appreciated that the network interface
unmt 720 can also be utilized to connect to other types of
networks and remote computer systems. The computer 700
can also include an input/output controller 716 for receiving
and processing input from a number of other devices,
including a keyboard, mouse, touch input, or electronic
stylus (not shown in FIG. 7). Similarly, the input/output
controller 716 can provide output to a display screen, a
printer, or other type of output device (also not shown in
FIG. 7).

It should be appreciated that the software components
described herein, such as but not limited to the collaborative
authoring application 110, can, when loaded into the CPU
702 and executed, transform the CPU 702 and the overall
computer 700 from a general-purpose computing system
into a special-purpose computing system customized to
facilitate the functionality presented herein. The CPU 702
can be constructed from any number of transistors or other
discrete circuit elements, which can individually or collec-
tively assume any number of states. More specifically, the
CPU 702 can operate as a finite-state machine, 1n response
to executable instructions contained within the software
modules disclosed herein, such as but not limited to the
collaborative authoring application 110. These computer-
executable instructions can transform the CPU 702 by
speciiying how the CPU 702 transitions between states,
thereby transforming the transistors or other discrete hard-
ware elements constituting the CPU 702.

Encoding the software modules presented herein, such as
the collaborative authoring application 110, can also trans-
form the physical structure of the computer readable media
presented herein. The specific transformation of physical
structure depends on various factors, in different implemen-
tations of this description. Examples of such factors include,
but are not limited to, the technology used to implement the
computer readable media, whether the computer readable
media 1s characterized as primary or secondary storage, and
the like. For example, 1f the computer readable media 1s
implemented as semiconductor-based memory, the software
disclosed herein can be encoded on the computer readable
media by transforming the physical state of the semicon-
ductor memory. For 1nstance, the software can transform the
state of transistors, capacitors, or other discrete circuit
clements constituting the semiconductor memory. The sofit-
ware can also transtform the physical state of such compo-
nents 1n order to store data thereupon.
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As another example, the computer readable media dis-
closed herein can be implemented using magnetic or optical
technology. In such implementations, the soitware compo-
nents presented herein can transform the physical state of
magnetic or optical media, when the software 1s encoded
therein. These transformations can include altering the mag-
netic characteristics of particular locations within given
magnetic media. These transiformations can also include
altering the physical features or characteristics of particular
locations within given optical media, to change the optical
characteristics of those locations. Other transformations of
physical media are possible without departing from the
scope and spirit of the present description, with the forego-
ing examples provided only to facilitate this discussion.

In light of the above, it should be appreciated that many
types of physical transformations take place in the computer
700 1n order to store and execute the software components
presented herem. It should also be appreciated that the
architecture shown i FIG. 7 for the computer 700, or a
similar architecture, can be utilized to implement other types
of computing devices, including hand-held computers,
embedded computer systems, mobile devices such as smart-
phones and tablets, and other types of computing devices
known to those skilled 1n the art. It 1s also contemplated that
the computer 700 might not include all of the components
shown 1n FIG. 7, can iclude other components that are not
explicitly shown in FIG. 7, or can utilize an architecture
completely different than that shown 1n FIG. 7.

FIG. 8 shows aspects of an illustrative distributed com-
puting environment 802 1n which the software components
described herein can be executed. Thus, the distributed
computing environment 802 illustrated 1n FI1G. 8 can be used
to execute program code, such as the search engine 120
and/or other components operating within the collaboration
system 102, capable of providing the functionality described
herein with respect to FIGS. 1-6, and/or any of the other
soltware components described herein. For example, and
without limitation, the distributed computing environment
802 can be utilized to implement the functionality described
herein as being provided by the collaboration system 102.

According to various implementations, the distributed
computing environment 802 operates on, 1n communication
with, or as part of a network 803. One or more client devices
806A-806N (hereinafter referred to collectively and/or
generically as “clients 806”) can communicate with the
distributed computing environment 802 via the network 803
and/or other connections (not i1llustrated i FIG. 8).

In the illustrated configuration, the clients 806 include: a
computing device 806 A such as a laptop computer, a desktop
computer, or other computing device; a “slate” or tablet
computing device (“tablet computing device™) 806B; a
mobile computing device 806C such as a mobile telephone,
a smart phone, or other mobile computing device; a server
computer 806D; and/or other devices 806N. It should be
understood that any number of clients 806 can communicate
with the distributed computing environment 802. Two
example computing architectures for the clients 806 are
illustrated and described herein with reference to FIGS. 7
and 9. The architectures shown 1 FIGS. 7 and 9 can also be
utilized to implement the computing devices 108 described
above. In this regard it should be understood that the
illustrated clients 806 and computing architectures illus-
trated and described herein are illustrative, and should not be
construed as being limited 1n any way.

In the illustrated configuration, the distributed computing
environment 802 includes application servers 804, data
storage 810, and one or more network interfaces 812.
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According to various implementations, the functionality of
the application servers 804 can be provided by one or more
server computers that are executing as part of, or 1n com-
munication with, the network 803. The application servers
804 can host various services such as the search engine 120
described above, virtual machines, portals, and/or other
resources. In the illustrated configuration, the application
servers 804 host one or more virtual machines 814 for
hosting applications or network services, such as compo-
nents operating within the collaboration system 102, or other
types of applications and/or services. It should be under-
stood that this configuration 1s illustrative, and should not be
construed as being limiting in any way. The application
servers 804 might also host or provide access to one or more
web portals, link pages, web sites, and/or other information
(“web portals™) 816.

According to various implementations, the application
servers 804 also include one or more mailbox services 818
and one or more messaging services 820. The mailbox
services 818 can include electronic mail (“email”) services.
The mailbox services 818 can also include various personal
information management (“PIM™) services including, but
not limited to, calendar services, contact management ser-
vices, collaboration services, and/or other services. The
messaging services 820 can include, but are not limited to,
instant messaging (“IM”) services, chat services, forum
services, and/or other communication services.

The application servers 804 can also include one or more
social networking services 822. The social networking ser-
vices 822 can provide various types ol social networking
services including, but not limited to, services for sharing or
posting status updates, instant messages, links, photos, vid-
cos, and/or other information, services for commenting or
displaying interest in articles, products, blogs, or other
resources, and/or other services. In some configurations, the
social networking services 822 are provided by or include
the FACEBOOK social networking service, the LINKEDIN
proiessional networkmg service, the MY SPACE social net-
workmg service, the FOURSQL ARE geographic network-
ing service, the YAMMER oflice colleague networking
service, and the like. In other configurations, the social
networking services 822 are provided by other services,
sites, and/or providers that might be referred to as “social
networking providers.” For example, some web sites allow
users to interact with one another via email, chat services,
and/or other means during various activities and/or contexts
such as reading published articles, commenting on goods or
services, publishing, collaboration, gaming, and the like.
Other services are possible and are contemplated.

The social networking services 822 can also include
commenting, blogging, and/or microblogging services.
Examples of such services include, but are not limited to, the

YELP commenting service, the KUDZU review service, the
OFFICETALK enterprlse microblogging service, the TWIT-

TER messagmg service, the GOOGLE BUZZ service, and/
or other services. It should be appreciated that the above lists
ol services are not exhaustive and that numerous additional
and/or alternative social networking services 822 are not
mentioned herein for the sake of brevity. As such, the
configurations described above are illustrative, and should
not be construed as being limited in any way.

As also shown 1n FIG. 8, the application servers 804 can
also host other services, applications, portals, and/or other
resources (“‘other services™) 824. The other services 824 can
include, but are not limited to, any of the other software
components described herein. It thus can be appreciated that
the distributed computing environment 802 can provide
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integration of the technologies disclosed herein with various
mailbox, messaging, blogging, social networking, produc-
tivity, and/or other types of services or resources.

As mentioned above, the distributed computing environ-
ment 802 can include data storage 810. According to various
implementations, the functionality of the data storage 810 1s
provided by one or more databases operating on, or in
communication with, the network 803. The functionality of
the data storage 810 can also be provided by one or more
server computers configured to host data for the distributed
computing environment 802. The data storage 810 can
include, host, or provide one or more real or virtual data-
stores 826A-826N (hereinafter referred to collectively and/
or generically as “datastores 826°°). The datastores 826 are
configured to host data used or created by the application
servers 804 and/or other data, such as the search index 122,
the metadata 114, and the document 104 described above.

The distributed computing environment 802 can commu-
nicate with, or be accessed by, the network interfaces 812.
The network interfaces 812 can include various types of
network hardware and software for supporting communica-
tions between two or more computing devices including, but
not limited to, the clients 806 and the application servers
804. It should be appreciated that the network interfaces 812
can also be utilized to connect to other types of networks
and/or computer systems.

It should be understood that the distributed computing
environment 802 described herein can implement any
aspects of the software elements described herein with any
number of virtual computing resources and/or other distrib-
uted computing functionality that can be configured to
execute any aspects of the software components disclosed
herein. According to various implementations of the tech-
nologies disclosed herein, the distributed computing envi-
ronment 802 provides some or all of the software function-
ality described herein as a service to the clients 806. It
should be understood that the clients 806 can also include
real or virtual machines including, but not limited to, server
computers, web servers, personal computers, mobile com-
puting devices, smart phones, and/or other devices. As such,
various 1mplementations of the technologies disclosed
herein enable any device configured to access the distributed
computing environment 802 to utilize the functionality
described herein.

Turning now to FIG. 9, an illustrative computing device
architecture 900 will be described for a computing device
that 1s capable of executing the various software components
described herein. The computing device architecture 900 1s
applicable to computing devices that facilitate mobile com-
puting due, 1 part, to form factor, wireless connectivity,
and/or battery-powered operation. In some configurations,
the computing devices include, but are not limited to, smart
mobile telephones, tablet devices, slate devices, portable
video game devices, and the like.

The computing device architecture 900 1s also applicable
to any of the clients 806 shown in FIG. 8. Furthermore,
aspects of the computing device architecture 900 are appli-
cable to traditional desktop computers, portable computers
(c.g., laptops, notebooks, ultra-portables, and netbooks),
server computers, and other computer systems, such as those
described herein with reference to FIG. 8. For example, the
single touch and multi-touch aspects disclosed herein below
can be applied to desktop computers that utilize a touch-
screen or some other touch-enabled device, such as a touch-
enabled track pad or touch-enabled mouse. The computing
device architecture 900 can also be utilized to implement the
computing devices 108, computing devices within the col-
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laboration system 102, and/or other types of computing
devices for implementing or consuming the functionality
described herein.

The computing device architecture 900 1llustrated 1n FIG.
9 includes a processor 902, memory components 904, net-
work connectivity components 906, sensor components 908,
input/output components 910, and power components 912.
In the illustrated configuration, the processor 902 1s 1n
communication with the memory components 904, the net-

work connectivity components 906, the sensor components
908, the mput/output (“I/O”) components 910, and the
power components 912. Although no connections are shown
between the individual components illustrated in FIG. 9, the
components can be connected electrically 1n order to interact
and carry out device functions. In some configurations, the
components are arranged so as to communicate via one or
more busses (not shown).

The processor 902 includes one or more CPU cores
configured to process data, execute computer-executable
instructions of one or more application programs, such as the
collaborative authoring application 110, and to communicate
with other components of the computing device architecture
900 1 order to perform aspects of the functionality
described heremn. The processor 902 can be utilized to
execute aspects of the software components presented herein
and, particularly, those that utilize, at least 1n part, a touch-
enabled iput.

In some configurations, the processor 902 includes a
graphics processing unit (“GPU”) configured to accelerate
operations performed by the CPU, including, but not limited
to, operations performed by executing general-purpose sci-
entific and engineering computing applications, as well as
graphics-intensive computing applications such as high
resolution video (e.g., 720P, 1080P, 4K, and greater), video
games, 3D modeling applications, and the like. In some
configurations, the processor 902 1s configured to commu-
nicate with a discrete GPU (not shown). In any case, the
CPU and GPU can be configured in accordance with a
co-processing CPU/GPU computing model, wherein the
sequential part of an application executes on the CPU and
the computationally intensive part 1s accelerated by the
GPU.

In some configurations, the processor 902 1s, or 1s
included 1n, a system-on-chip (“SoC”) along with one or
more of the other components described herein below. For
example, the SoC can include the processor 902, a GPU, one
or more of the network connectivity components 906, and
one or more of the sensor components 908. In some con-
figurations, the processor 902 1s fabricated, in part, utilizing
a package-on-package (“PoP”) integrated circuit packaging
technique. Moreover, the processor 902 can be a single core
or multi-core processor.

The processor 902 can be created 1n accordance with an
ARM architecture, available for license from ARM HOLD-
INGS of Cambridge, United Kingdom. Alternatively, the
processor 902 can be created 1n accordance with an x86
architecture, such as 1s available from INTEL CORPORA-
TION of Mountain View, Calif. and others. In some con-
figurations, the processor 902 1s a SNAPDRAGON SoC,
available from QUALCOMM of San Diego, Calif., a
TEGRA SoC, available from NVIDIA of Santa Clara, Calif.,
a HUMMINGBIRD SoC, available from SAMSUNG of
Seoul, South Korea, an Open Multimedia Application Plat-
form (“OMAP”) SoC, available from TEXAS INSTRU-
MENTS of Dallas, Tex., a customized version of any of the
above SoCs, or a proprietary SoC.
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The memory components 904 include a RAM 914, a
ROM 916, an integrated storage memory (“integrated stor-
age”) 918, and a removable storage memory (“removable
storage™) 920. In some configurations, the RAM 914 or a
portion thereof, the ROM 916 or a portion thereof, and/or
some combination of the RAM 914 and the ROM 916 1s

integrated 1n the processor 902. In some configurations, the
ROM 916 1s configured to store a firmware, an operating
system or a portion thereof (e.g., operating system Kkernel),
and/or a bootloader to load an operating system kernel from
the integrated storage 918 or the removable storage 920.

The integrated storage 918 can include a solid-state
memory, a hard disk, or a combination of solid-state memory
and a hard disk. The integrated storage 918 can be soldered
or otherwise connected to a logic board upon which the
processor 902 and other components described herein might
also be connected. As such, the integrated storage 918 1is
integrated into the computing device. The integrated storage
918 can be configured to store an operating system or
portions thereol, application programs, data, and other soft-
ware components described herein.

The removable storage 920 can include a solid-state
memory, a hard disk, or a combination of solid-state memory
and a hard disk. In some configurations, the removable
storage 920 1s provided 1n lieu of the integrated storage 918.
In other configurations, the removable storage 920 1s pro-
vided as additional optional storage. In some configurations,
the removable storage 920 1s logically combined with the
integrated storage 918 such that the total available storage 1s
made available and shown to a user as a total combined
capacity of the integrated storage 918 and the removable
storage 920.

The removable storage 920 1s configured to be inserted
into a removable storage memory slot (not shown) or other
mechanism by which the removable storage 920 1s mserted
and secured to facilitate a connection over which the remov-
able storage 920 can communicate with other components of
the computing device, such as the processor 902. The
removable storage 920 can be embodied 1n various memory
card formats including, but not limited to, PC card, COM-
PACTFLASH card, memory stick, secure digital (*SD”),
mimSD, microSD, umversal integrated circuit card

(“UICC”) (e.g., a subscriber identity module (*SIM”) or

universal SIM (“USIM™)), a proprietary format, or the like.

It can be understood that one or more of the memory
components 904 can store an operating system. According to
various configurations, the operating system includes, but 1s

not limited to, the WINDOWS MOBILE OS, the WIN-
DOWS PHONE OS, or the WINDOWS OS from MICRO-
SOFT CORPORATION, BLACKBERRY OS from
RESEARCH IN MOTION, LTD. of Waterloo, Ontario,
Canada, 1IOS from APPLE INC. of Cupertino, Calif., and
ANDROID OS from GOOGLE, INC. of Mountain View,
Calif. Other operating systems are contemplated.

The network connectivity components 906 include a
wireless wide area network component (“WWAN compo-
nent”) 922, a wireless local area network component
(“WLAN component”) 924, and a wireless personal area
network component (“WPAN component™) 926. The net-
work connectivity components 906 facilitate communica-
tions to and from a network 928, which can be a WWAN, a
WLAN, or a WPAN. Although a single network 928 1is
illustrated, the network connectivity components 906 can
facilitate simultaneous communication with multiple net-
works. For example, the network connectivity components
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906 can facilitate simultaneous communications with mul-
tiple networks via one or more of a WWAN, a WLAN, or a
WPAN.

The network 928 can be a WWAN, such as a mobile

telecommunications network utilizing one or more mobile
telecommunications technologies to provide voice and/or

data services to a computing device utilizing the computing
device architecture 900 via the WWAN component 922. The

mobile telecommunications technologies can include, but
are not limited to, Global System for Mobile communica-
tions (“GSM™), Code Division Multiple Access (“CDMA™)
ONE, CDMA2000, Universal Mobile Telecommunications

System (“UMTS”), Long Term Evolution (“*LTE”), and
Worldwide Interoperability for Microwave Access (“Wi-
MAX”).

Moreover, the network 928 can utilize various channel
access methods (which might or might not be used by the
alorementioned standards) including, but not limited to,
Time Division Multiple Access (“ITDMA”), Frequency
Division Multiple Access (“FDMA™), CDMA, wideband
CDMA (“W-CDMA”), Orthogonal Frequency Division
Multiplexing (“OFDM™), Space Division Multiple Access
(“SDMA”), and the like. Data communications can be
provided using General Packet Radio Service (“GPRS™),
Enhanced Data rates for Global Evolution (“EDGE”), the
High-Speed Packet Access (“HSPA™) protocol family
including High-Speed Downlink Packet Access (“HSDPA™),
Enhanced Uplink (“EUL”) or otherwise termed High-Speed
Uplink Packet Access (“HSUPA™”), Evolved HSPA
(“HSPA+), LTE, and various other current and future
wireless data access standards. The network 928 can be
configured to provide voice and/or data communications
with any combination of the above technologies. The net-
work 928 can be configured or adapted to provide voice
and/or data communications 1n accordance with future gen-
eration technologies.

In some configurations, the WWAN component 922 1s
configured to provide dual-multi-mode connectivity to the
network 928. For example, the WWAN component 922 can
be configured to provide connectivity to the network 928,
wherein the network 928 provides service via GSM and
UMTS technologies, or via some other combination of
technologies. Alternatively, multiple WWAN components
922 can be utilized to perform such functionality, and/or
provide additional functionality to support other non-com-
patible technologies (1.e., incapable of being supported by a
single WWAN component). The WWAN component 922
can facilitate similar connectivity to multiple networks (e.g.,
a UMTS network and an LTE network).

The network 928 can be a WLAN operating 1n accordance

with one or more Institute of Electrical and Electronic
Engineers (“IEEE”) 104.11 standards, such as IEEE
104.11a, 104.11b, 104.11g, 104.11n, and/or a future 104.11
standard (referred to herein collectively as WI-FI). Draft
104.11 standards are also contemplated. In some configu-
rations, the WLAN 1s implemented utilizing one or more
wireless WI-FI access points. In some configurations, one or
more of the wireless WI-FI access points are another com-
puting device with connectivity to a WWAN that are func-
tioning as a WI-FI hotspot. The WLAN component 924 1s
configured to connect to the network 928 via the WI-FI
access points. Such connections can be secured via various

encryption technologies including, but not limited, WI-FI
Protected Access (“WPA™), WPA2, Wired Equivalent Pri-

vacy (“WEP”), and the like.
The network 928 can be a WPAN operating 1n accordance
with Infrared Data Association (“IrDA”), BLUETOOTH,

wireless Universal Serial Bus (“USB”), Z-Wave, ZIGBEE,
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or some other short-range wireless technology. In some
configurations, the WPAN component 926 1s configured to
facilitate communications with other devices, such as

peripherals, computers, or other computing devices via the
WPAN.

The sensor components 908 include a magnetometer 930,
an ambient light sensor 932, a proximity sensor 934, an
accelerometer 936, a gyroscope 938, and a Global Position-
ing System sensor (“GPS sensor™) 940. It 1s contemplated
that other sensors, such as, but not limited to, temperature
sensors or shock detection sensors, might also be incorpo-
rated 1n the computing device architecture 900.

The magnetometer 930 1s configured to measure the
strength and direction of a magnetic field. In some configu-
rations the magnetometer 930 provides measurements to a
compass application program stored within one of the
memory components 904 1n order to provide a user with
accurate directions in a frame of reference including the
cardinal directions, north, south, east, and west. Similar
measurements can be provided to a navigation application
program that includes a compass component. Other uses of
measurements obtained by the magnetometer 930 are con-
templated.

The ambient light sensor 932 1s configured to measure
ambient light. In some configurations, the ambient light
sensor 932 provides measurements to an application pro-
gram stored within one of the memory components 904 1n
order to automatically adjust the brightness of a display
(described below) to compensate for low light and bright
light environments. Other uses of measurements obtained by
the ambient light sensor 932 are contemplated.

The proximity sensor 934 1s configured to detect the
presence of an object or thing 1n proximity to the computing,
device without direct contact. In some configurations, the
proximity sensor 934 detects the presence of a user’s body
(c.g., the user’s face) and provides this information to an
application program stored within one of the memory com-
ponents 904 that utilizes the proximity information to enable
or disable some functionality of the computing device. For
example, a telephone application program can automatically
disable a touchscreen (described below) 1n response to
receiving the proximity information so that the user’s face
does not mnadvertently end a call or enable/disable other
functionality within the telephone application program dur-
ing the call. Other uses of proximity as detected by the
proximity sensor 934 are contemplated.

The accelerometer 936 1s configured to measure proper
acceleration. In some configurations, output from the accel-
crometer 936 1s used by an application program as an 1nput
mechanism to control some functionality of the application
program. In some configurations, output from the acceler-
ometer 936 1s provided to an application program for use 1n
switching between landscape and portrait modes, calculating
coordinate acceleration, or detecting a fall. Other uses of the
accelerometer 936 are contemplated.

The gyroscope 938 1s configured to measure and maintain
orientation. In some configurations, output from the gyro-
scope 938 1s used by an application program as an input
mechanism to control some functionality of the application
program. For example, the gyroscope 938 can be used for
accurate recognition of movement within a 3D environment
of a video game application or some other application. In
some configurations, an application program utilizes output
from the gyroscope 938 and the accelerometer 936 to
enhance control of some functionality. Other uses of the
gyroscope 938 are contemplated.
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The GPS sensor 940 1s configured to receive signals from
GPS satellites for use 1n calculating a location. The location
calculated by the GPS sensor 940 can be used by any
application program that requires or benefits from location
information. For example, the location calculated by the
GPS sensor 940 can be used with a navigation application
program to provide directions from the location to a desti-
nation or directions from the destination to the location.
Moreover, the GPS sensor 940 can be used to provide
location information to an external location-based service,
such as E911 service. The GPS sensor 940 can obtain
location information generated via WI-FI, WIMAX, and/or
cellular triangulation techniques utilizing one or more of the
network connectivity components 906 to aid the GPS sensor
940 1n obtaining a location fix. The GPS sensor 940 can also
be used 1n Assisted GPS (“A-GPS”) systems.

The I/O components 910 include a display 942, a touch-
screen 944, a data I/0 interface component (“data 1/0””) 946,
an audio I/O interface component (“audio I/O””) 948, a video
I/O interface component (“video 1/0O””) 950, and a camera
952. In some configurations, the display 942 and the touch-
screen 944 are combined. In some configurations two or
more of the data I/O component 946, the audio I/O compo-
nent 948, and the video I/O component 950 are combined.
The I/O components 910 can include discrete processors
configured to support the various interfaces described below,
or might include processing functionality built-in to the
processor 902.

The display 942 1s an output device configured to present
information in a visual form. In particular, the display 942
can present graphical user interface (“GUI”) elements, text,
images, video, notifications, virtual buttons, virtual key-
boards, messaging data, Internet content, device status, time,
date, calendar data, preferences, map information, location
information, and any other immformation that 1s capable of
being presented 1n a visual form. In some configurations, the
display 942 1s a liquid crystal display (“LCD”) utilizing any
active or passive matrix technology and any backlighting
technology (1f used). In some configurations, the display 942
1s an organic light emitting diode (“OLED”’) display. Other
display types are contemplated.

The touchscreen 944 1s an mput device configured to
detect the presence and location of a touch. The touchscreen
944 can be a resistive touchscreen, a capacitive touchscreen,
a surface acoustic wave touchscreen, an infrared touch-
screen, an optical imaging touchscreen, a dispersive signal
touchscreen, an acoustic pulse recognition touchscreen, or
can utilize any other touchscreen technology. In some con-
figurations, the touchscreen 944 1s incorporated on top of the
display 942 as a transparent layer to enable a user to use one
or more touches to mteract with objects or other information
presented on the display 942. In other configurations, the
touchscreen 944 1s a touch pad incorporated on a surface of
the computing device that does not include the display 942.
For example, the computing device can have a touchscreen
incorporated on top of the display 942 and a touch pad on a
surface opposite the display 942,

In some configurations, the touchscreen 944 1s a single-
touch touchscreen. In other configurations, the touchscreen
944 1s a multi-touch touchscreen. In some configurations,
the touchscreen 944 1s configured to detect discrete touches,
single touch gestures, and/or multi-touch gestures. These are
collectively referred to herein as “gestures” for convenience.
Several gestures will now be described. It should be under-
stood that these gestures are 1llustrative and are not intended
to limit the scope of the appended claims. Moreover, the
described gestures, additional gestures, and/or alternative
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gestures can be implemented 1n software for use with the
touchscreen 944. As such, a developer can create gestures
that are specific to a particular application program.

In some configurations, the touchscreen 944 supports a
tap gesture 1n which a user taps the touchscreen 944 once on
an 1tem presented on the display 942. The tap gesture can be
used for various reasons including, but not limited to,
opening or launching whatever the user taps, such as a
graphical 1con representing the collaborative authoring
application 110. In some configurations, the touchscreen 944
supports a double tap gesture in which a user taps the
touchscreen 944 twice on an item presented on the display
942. The double tap gesture can be used for various reasons
including, but not limited to, zooming in or zooming out 1n
stages. In some configurations, the touchscreen 944 supports
a tap and hold gesture 1n which a user taps the touchscreen
944 and maintains contact for at least a pre-defined time. The
tap and hold gesture can be used for various reasons 1nclud-
ing, but not limited to, opening a context-specific menu.

In some configurations, the touchscreen 944 supports a
pan gesture in which a user places a finger on the touch-
screen 944 and maintains contact with the touchscreen 944
while moving the finger on the touchscreen 944. The pan
gesture can be used for various reasons including, but not
limited to, moving through screens, images, or menus at a
controlled rate. Multiple finger pan gestures are also con-
templated. In some configurations, the touchscreen 944
supports a tlick gesture 1n which a user swipes a finger in the
direction the user wants the screen to move. The tlick gesture
can be used for various reasons including, but not limited to,
scrolling horizontally or vertically through menus or pages.
In some configurations, the touchscreen 944 supports a
pinch and stretch gesture in which a user makes a pinching,
motion with two fingers (e.g., thumb and forefinger) on the
touchscreen 944 or moves the two fingers apart. The pinch
and stretch gesture can be used for various reasons includ-
ing, but not limited to, zooming gradually mn or out of a
website, map, or picture.

Although the gestures described above have been pre-
sented with reference to the use of one or more fingers for
performing the gestures, other appendages such as toes or
objects such as styluses can be used to mteract with the
touchscreen 944. As such, the above gestures should be
understood as being illustrative and should not be construed
as being limiting in any way.

The data I/O interface component 946 1s configured to
tacilitate input of data to the computing device and output of
data from the computing device. In some configurations, the
data I/O interface component 946 includes a connector
configured to provide wired connectivity between the com-
puting device and a computer system, for example, for
synchronization operation purposes. The connector can be a
proprietary connector or a standardized connector such as
USB, micro-USB, mini-USB, USB-C, or the like. In some
configurations, the connector 1s a dock connector for dock-
ing the computing device with another device such as a
docking station, audio device (e.g., a digital music player),
or video device.

The audio I/O interface component 948 1s configured to
provide audio input and/or output capabilities to the com-
puting device. In some configurations, the audio I/O inter-
face component 946 includes a microphone configured to
collect audio signals. In some configurations, the audio I/O
interface component 948 includes a headphone jack config-
ured to provide connectivity for headphones or other exter-
nal speakers. In some configurations, the audio interface
component 948 includes a speaker for the output of audio
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signals. In some configurations, the audio I/O interface
component 948 includes an optical audio cable out.

The video I/O interface component 950 1s configured to
provide video nput and/or output capabilities to the com-
puting device. In some configurations, the video 1I/O inter-
face component 950 1ncludes a video connector configured
to receive video as input from another device (e.g., a video
media player such as a DVD or BLU-RAY player) or send
video as output to another device (e.g., a monitor, a televi-
sion, or some other external display). In some configura-
tions, the video I/O interface component 9350 includes a
High-Defimition Multimedia Interface (“HDMI”), mini-
HDMI, micro-HDMI, DISPLAYPORT, or proprictary con-
nector to mput/output video content. In some configurations,
the video I/0 interface component 950 or portions thereof 1s
combined with the audio I/O interface component 948 or
portions thereof.

The camera 952 can be configured to capture still images
and/or video. The camera 952 can utilize a charge coupled
device (“CCD”) or a complementary metal oxide semicon-
ductor (“CMOS”) 1image sensor to capture images. In some
configurations, the camera 952 includes a flash to aid 1n
taking pictures i low-light environments. Settings for the
camera 952 can be implemented as hardware or software
buttons.

Although not illustrated, one or more hardware buttons
can also be included 1n the computing device architecture
900. The hardware buttons can be used for controlling some
operational aspect of the computing device. The hardware
buttons can be dedicated buttons or multi-use buttons. The
hardware buttons can be mechanical or sensor-based.

The 1llustrated power components 912 include one or
more batteries 954, which can be connected to a battery
gauge 956. The batteries 954 can be rechargeable or dis-
posable. Rechargeable battery types include, but are not
limited to, lithium polymer, lithium ion, nickel cadmium,
and nickel metal hydride. Each of the batteries 954 can be
made of one or more cells.

The battery gauge 956 can be configured to measure
battery parameters such as current, voltage, and temperature.
In some configurations, the battery gauge 956 1s configured
to measure the effect of a battery’s discharge rate, tempera-
ture, age and other factors to predict remaining life within a
certain percentage ol error. In some configurations, the
battery gauge 956 provides measurements to an application
program that 1s configured to utilize the measurements to
present uselul power management data to a user. Power
management data can include one or more of a percentage
of battery used, a percentage of battery remaining, a battery
condition, a remaining time, a remaimng capacity (e.g.,
watt hours), a current draw, and a voltage.

The power components 912 can also include a power
connector (not shown), which can be combined with one or
more of the aforementioned I/O components 910. The power
components 912 can intertace with an external power sys-
tem or charging equipment via a power I/O component.
Other configurations can also be utilized.

In view of the above, 1t 1s to be appreciated that the
disclosure presented herein also encompasses the subject
matter set forth 1n the following clauses:

Clause 1: A computer-implemented method, comprising:
receiving edits to a document 1n real time, the document
being collaboratively edited on a plurality of computing
devices by a plurality of active editors; indexing the received
edits to update a search index in real time; receiving a search
query from a computing device, the search query being
generated by a user; responsive to receiving the search
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query, causing a search to be made of the search index; and
causing a user interface to be presented at the computing
device for presenting results of the search, the user interface
comprising an 1dentification of the document, an 1dentifica-
tion of the plurality of active editors, and a user interface
control which, when selected, will cause a request to be
transmitted to the plurality of computing devices to admit
the user as an additional active editor of the document.

Clause 2: The computer-implemented method of clause 1,
wherein the request comprises an identification of the user
and an identification of the search query.

Clause 3: The computer-implemented method of clauses
1 and 2, wherein the user interface further comprises a user
interface control which, when selected, will cause a request
to be transmitted to the plurality of computing devices to
admit the user as an additional participant 1n a real-time
messaging session between the plurality of active editors.

Clause 4: The computer-implemented method of clauses
1-3, further comprising: recerving metadata associated with
the document 1n real time; and indexing the received meta-
data to update the search index in real time.

Clause 5: The computer-implemented method of clauses
1-4, wherein the recerved metadata identifies the plurality of
active editors of the document.

Clause 6: The computer-implemented method of clauses
1-5, wherein the received metadata i1dentifies one or more
search terms in the search query.

Clause 7: The computer-implemented method of clauses
1-6, wherein the received metadata identifies previous
changes to the document.

Clause 8: The computer-implemented method of clauses
1-7, wherein the received metadata identifies one or more
previous active editors of the document.

Clause 9: The computer-implemented method of clauses
1-8, wherein the received metadata includes one or more
real-time messaging sessions associated with the document.

Clause 10: An apparatus, comprising: one or more pro-
cessors; and at least one computer storage medium having
computer executable imstructions stored thereon which,
when executed by the one or more processors, cause the
apparatus to recerve a search query from a computing
device, 1n response to receiving the search query, cause a
search to be made of a search index that has been updated
in real time to mdex edits to a document made by a plurality
of active editors of the document, and cause a user interface
to be presented at the computing device for presenting
results of the search that include the document, the user
interface comprising an identification of the document, an
identification of the plurality of active editors, and a user
interface control which, when selected, will cause a request
to be transmitted to a plurality of computing devices asso-
ciated with the plurality of active editors to admit a user of
the computing device as an additional active editor of the
document.

Clause 11: The apparatus of clause 10, wherein the
request comprises an identification of the user of the com-
puting device and the search query.

Clause 12: The apparatus of clauses 10 and 11, wherein
the user interface further comprises a user interface control
which, when selected, will cause a request to be transmitted
to the plurality of computing devices to admit the user as an
additional participant in a real-time messaging session
between the plurality of active editors.

Clause 13: The apparatus of clauses 10-12, wherein the
search index has been further updated 1n real time to 1ndex
metadata associated with the document.
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Clause 14: The apparatus of clauses 10-13, wherein the
metadata comprises data 1dentifying the plurality of active
editors.

Clause 15: The apparatus of clauses 10-14, wherein the
metadata further comprises one or more of data identifying,
one or more search terms in the search query, data 1denti-
tying previous changes to the document, data identifying
one or more previous active editors of the document, and
one or more real-time messaging sessions associated with
the document.

Clause 16: A computer-readable storage medium having
computer executable instructions stored thereon which,
when executed by one or more processors, cause the pro-
cessors to: recerve a search query from a computing device;
cause a search to be made of a search index that has been
updated 1n real time to mdex edits to a document made by
a plurality of active editors of the document; and cause a
user interface to be presented at the computing device for
presenting results of the search, the user interface compris-
ing an 1dentification of the document, an 1dentification of the
plurality of active editors, and a user interface control which,
when selected, will cause a request to be transmitted to a
plurality of computing devices associated with the plurality
of active editors to admit a user of the computing device as
an additional active editor of the document.

Clause 17: The computer-readable storage medium of
clause 16, wherein the request comprises an 1dentification of
the user of the computing device and the search query.

Clause 18: The computer-readable storage medium of
clauses 16 and 17, wherein the user interface further com-
prises a user interface control which, when selected, will
cause a request to be transmitted to the plurality of com-
puting devices to admit the user as an additional participant
in a real-time messaging session between the plurality of
active editors.

Clause 19: The computer-readable storage medium of
clauses 16-18, wherein the search index has been further
updated 1n real time to index metadata associated with the
document.

Clause 20: The computer-readable storage medium of
clauses 16-19, wherein the metadata turther comprises one
or more of data identifying the plurality of active editors,
data 1dentifying one or more search terms in the search
query, data identifying previous changes to the document,
data identifying one or more previous active editors of the
document, and one or more real-time messaging sessions
associated with the document.

Based on the foregoing, 1t should be appreciated that
various technologies for document collaboration discovery
have been disclosed herein. Although the subject matter
presented herein has been described in language specific to
computer structural features, methodological and transfor-
mative acts, specific computing machinery, and computer
readable media, 1t 1s to be understood that the subject matter
set forth 1n the appended claims 1s not necessarily limited to
the specific features, acts, or media described herein. Rather,
the specific features, acts and mediums are disclosed as
example forms of implementing the claimed subject matter.

The subject matter described above 1s provided by way of
illustration only and should not be construed as limiting.
Various modifications and changes can be made to the
subject matter described herein without following the
example configurations and applications 1llustrated and
described, and without departing from the scope of the
present disclosure, which 1s set forth 1n the following claims.
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What 1s claimed 1s:

1. A computer-implemented method, comprising:

receiving edits to content included 1n a document in real

time, the document being collaboratively edited on a
plurality of computing devices communicating over a
network by a plurality of active editors;

indexing the received edits to update a search index 1n real

time;

receiving a search query from a computing device, the

search query being generated by a user;

responsive to receiving the search query, causing a search

to be made of the search index;

causing a user interface to be presented at the computing,

device for presenting results of the search, the user

interface comprising

an 1dentification of the document,

an 1dentification of the plurality of active editors, and

a first user interface control which, when selected, will
cause a request to be transmitted to the plurality of
computing devices to admit the user as an additional
active editor of the document; and

in response to selection of the first user mterface control,

causing a second user interface control to be presented
to at least one of the plurality of active editors of the
document, wherein selection of the second user inter-
face control by the at least one of the plurality of active
editors of the document submits the user as an addi-
tional active editor of the document.

2. The computer-implemented method of claim 1,
wherein the request comprises an identification of the user
and an i1dentification of the search query.

3. The computer-implemented method of claim 1,
wherein the user interface further comprises a user interface
control which, when selected, will cause a request to be
transmitted to the plurality of computing devices to admit
the user as an additional participant 1n a real-time messaging,
session between the plurality of active editors.

4. The computer-implemented method of claim 1, further
comprising;

receiving metadata associated with the document 1n real

time; and

indexing the received metadata to update the search index

in real time.

5. The computer-implemented method of claim 4,
wherein the received metadata identifies the plurality of
active editors of the document.

6. The computer-implemented method of claim 4,
wherein the received metadata 1dentifies one or more search
terms 1n the search query.

7. The computer-implemented method of claim 4,
wherein the recerved metadata 1dentifies previous changes to
the document.

8. The computer-implemented method of claim 4,
wherein the received metadata i1dentifies one or more pre-
vious active editors of the document.

9. The computer-implemented method of claim 1,
wherein the received metadata includes one or more real-
time messaging sessions associated with the document.

10. An apparatus, comprising;

one or more processors; and

at least one computer storage medium having computer

executable 1instructions stored thereon which, when

executed by the one or more processors, cause the

apparatus to

receive a search query from a computing device,

in response to receiving the search query, cause a
search to be made of a search index that has been
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updated 1 real time to index edits to content
included 1n a document made by a plurality of active
editors of the document,
cause a user interface to be presented at the computing
device for presenting results of the search that
include the document, the user interface comprising
an 1dentification of the document,
an 1dentification of the plurality of active editors, and
a first user interface control which, when selected,
will cause a request to be transmitted to a plurality
of computing devices communicating over a net-
work and associated with the plurality of active
editors to admit a user of the computing device as
an additional active editor of the document; and
in response to selection of the first user interface
control, cause a second user interface control to be
presented to at least one of the plurality of active
editors of the document, wherein selection of the
second user interface control by the at least one of
the plurality of active editors of the document sub-
mits the user as an additional active editor of the
document.

11. The apparatus of claim 10, wherein the request com-
prises an identification of the user of the computing device
and the search query.

12. The apparatus of claim 10, wherein the user interface
further comprises a user interface control which, when
selected, will cause a request to be transmitted to the
plurality of computing devices to admit the user as an
additional participant 1n a real-time messaging session
between the plurality of active editors.

13. The apparatus of claim 10, wherein the search index
has been further updated in real time to index metadata
associated with the document.

14. The apparatus of claim 13, wherein the metadata
comprises data 1dentitying the plurality of active editors.

15. The apparatus of claim 14, wherein the metadata
further comprises one or more of data identifying one or
more search terms in the search query, data identifying
previous changes to the document, data identifying one or
more previous active editors of the document, and one or
more real-time messaging sessions associated with the docu-
ment.

16. A computer-readable storage medium having com-
puter executable instructions stored thereon which, when
executed by one or more processors, cause the processors to:

recerve a search query from a computing device;

cause a search to be made of a search index that has been

updated 1n real time to index edits to content included
in a document made by a plurality of active editors of
the document;

cause a user interface to be presented at the computing

device for presenting results of the search, the user

interface comprising

an 1dentification of the document,

an 1dentification of the plurality of active editors, and

a first user interface control which, when selected, will
cause a request to be transmitted to a plurality of
computing devices communicating over a network
and associated with the plurality of active editors to
admuit a user of the computing device as an additional
active editor of the document; and

in response to selection of the first user interface control,

cause a second user interface control to be presented to
at least one of the plurality of active editors of the
document, wherein selection of the second user inter-
face control by the at least one of the plurality of active
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editors of the document submits the user as an addi-
tional active editor of the document.

17. The computer-readable storage medium of claim 16,
wherein the request comprises an 1dentification of the user of
the computing device and the search query. 5

18. The computer-readable storage medium of claim 17,
wherein the user interface further comprises a user interface
control which, when selected, will cause a request to be
transmitted to the plurality of computing devices to admit
the user as an additional participant 1n a real-time messaging 10
session between the plurality of active editors.

19. The computer-readable storage medium of claim 16,
wherein the search index has been further updated in real
time to index metadata associated with the document.

20. The computer-readable storage medium of claim 19, 15
wherein the metadata further comprises one or more of data
identifying the plurality of active editors, data 1dentifying
one or more search terms in the search query, data identi-
tying previous changes to the document, data identifying
one or more previous active editors of the document, and 20
one or more real-time messaging sessions associated with
the document.
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